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Robust Grasping and Manipulation Method
against Lack of Real-time Object Information

Kyushu University () Akihiro KAWAMURA, Kenji TAHARA
Ryo KURAZUME and Tsutomu HASEGAWA

Abstract: This paper proposes a novel object grasping and manipulation method that is robust against
the lack of each position and attitude information for the grasped object in real-time. This method ensures
to be able to control the position and attitude of the grasped object with maintaining stability, even if the
geometrical information of the grasped object becomes unavailable during manipulation for some reasons. Firstly,

the dynamical model of grasping an object using a multi-fingered hand-arm system is given. Next, a control

scheme to accomplish the robust object grasping and manipulation using virtual object position and attitude
is presented. After that, several numerical simulations are performed and the usefulness of proposed method is

discussed through these simulation results.
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Fig.1 Multi-fingered hand-arm system
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Fig.2 Contact model at the center of the contact area
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Fig.3 Virtual frame
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Table 1 Physical parameters

Triple-fingered hand-arm system

T57 link length Ta1 1.300[m] | li1 0.300[m]
2" Jink length la2 1.000[m] | I 0.200[m]
3™ link length las 0.175[m] lig 0.140[m]
15% mass center lgal 0.650[m] lgi1 0.150[m]
274 mass center | lgq2 0.500[m] lgi2 0.100[m]
3'4 mass center | lyq3 0.0875[m] | lgis 0.070[m]
15% mass ma1  1.300[kg] | ms  0.250[kg]
274 mass maz  1.000[kg] | mi2  0.150[kg]
3™ mass mas  0.400[kg] | msz  0.100[kg]

15% Inertia I4q diag(7.453, 7.453,0.260)x10~ ' [kg-m?]
294 Inertia I,»  diag(3.397,3.397,0.128)x10 ™ ! [kg-m?]
3" Inertia I43 diag(0.291,0.291, 0.500)x10~ ! [kg-m?]
15% Inertia I;; diag(7.725, 7.725,0.450)x10 > [kg-m?]
]
|

24 Inertia I;o diag(2.060, 2.060, 0.120)x10 ™3 [kg-m?
3'4 Inertia I;3 diag(0.538, 0.538, 0.031)x10 ™3 [kg-m?

Radius of fingertip r; 0.070[m]
Stiffness coefficient k; 1.000x 10°[N/m?]
Damping function &; 1.000 % (r? — A’I"?) 7[Ns/m?]
Object
Mass m 0.037kg

Y1 0.092[m

Yo 0.048[m

Y3 0.048[m

01 1.833[rad

Oz 1.833[rad

O3 2.618[rad

Inertia I  diag (1.273,0.193,1.148) x 10 ° kg - m?]

Table 2 Desired grasping force and gains

fa 10.0[N]
K, 4.762
K, 0.238

C. diag(1.003,0.651,0.735,0.278,0.177)x10" ' [Ns-m/rad]
C,  diag(0.606,0.687,0.786, 0.642, 0.198)x10~ 2[Ns-m/rad]

Cs diag(0.468, 0.780, 0.318, 0.099)x10~ 2[Ns-m/rad]
Cs diag(0.648, 0.780, 0.318, 0.099)x10~2[Ns-m/rad]
zg (0.100, 0.500, 0.700) T [m]

0.88 —0.32 —0.34
Ry 0.34 0.94  0.00

0.32 —-0.12 0.94

Table 3 Initial condition

q O[rad/s]
g, (—0.183,-1.369, 1.898, 1.343, —0.787)T [rad]
qo1 (1.007,0.235, —0.771, 1.338, 0.328) T [rad]
Qo2 (0.242, —0.733,1.122,0.754) T [rad]
dos3 (2.019, —0.924,0.912,1.088)" [rad]
z 0 [m/s]
z (0.158,0.501, 0.681) T [m]
w 0 [rad/s]
1.00 0.00 0.00
R 0.00 1.00 0.00

0.00 0.00 1.00
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Fig.4 Transient responses of position and attitude of

real object and virtual frame
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